Controller design problem is dealt with for a class of plants with time-varying nonlinear uncertainties and unmodeled dynamics. A new method based on signal compensation is proposed to design a robust controller. A controller designed by this method consists of a nominal controller and a robust compensator. It is shown that robust tracking property and robust tracking transient performance can be achieved simultaneously. A salient feature of our results, shown in the present paper, is that the controller is linear and time-invariant one and we can tell the users how to tune on-line the parameters of the controller with the proposed robust and transient performance.
INTRODUCTION
Recently, global stabilization of nonlinear strict-feedback form systems has attracted considerable attention. In this paper, our attention is focused on the problem of robust controller backstepping design for a class of SISO uncertain nonlinear strict-feedback form systems with time-varying uncertainties and stable dynamic uncertainties. Many researches have been done on this problem, but it is still not solved completely.
Over the last decade, various robust stabilization techniques have been developed in the literature. Following the development of exact linearization techniques via smooth state feedback and diffeomorphic transformation ( Isidori, 1989 ) , researches on certain triangular structure systems attracted considerable interest. One of the recent breakthroughs in nonlinear control is the introduction of backstepping algorithms for feedback linearizable systems. The relative-degree constraint, overparameterization, and growth condition are removed by allowing the controlled plant to be nonlinearly dependent on structure uncertainty, such as unknown parameters or unmodeled time-varying disturbances. Although the idea of integrator backstepping may be implicit in some earlier works, its use as a design tool was initiated by Tsinias(1989 Tsinias( ,1991 , Byrnes and Isidori(1989) , Sontag and Sussmann(1988) , and Saberi et al.(1990) . In Kanellakopoulos, Kokotovic, and Morse(1991) , the cases with unknown parameters were investigated. In Kokotovic (1992,1993) , Marino and Tomei(1993) , the cases with disturbance were considered. In Taylor, Kokotovic and kanellokopoulos(1989) , Jiang and Mareels(1997) , Jiang and Hill(1999) , the cases with unmodeled Dynamics were treated. This work was supported by National Nature Science Foundation under Grant 60674017 and 60736024
In this paper, we consider robust control problem for a class of nonlinear strict-feedback form systems with uncertain parameters, bounded uncertainties and unmodeled dynamics. The uncertainties are norm-bounded, and the unmodeled dynamics is input-to-state stable as described in other papers. A new method is proposed based on signal compensation (Zhong, 2002) to design a robust controller. It will be shown that the states of the closed-loop system are ensured to be bounded and the global output tracking to a reference signal are achieved. And desired transient tracking property can also be assured The tracking error can be driven into an desired small neighborhood of the origin at an exponential rate. A controller designed by this method consists of a nominal controller and a robust compensator. The controller is linear and time invariant. This paper is organized as follows. In section 2, the plant description, the reference model, the assumptions on the uncertainties, reference input and unmodeled dynamics are presented. In section 3, controller design method and main results are stated. Section 4 gives the statement and the proof of the main results. An example is shown in section 5. Conclusions are stated in section 6.
PROBLEM DESCRIPTION
Consider a nonlinear plant described by the following equations 
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From (1), (7), (8) and (10), one has
where 
As the second step, consider the subsystem (13) 
where k f is a positive constant to be determined.
Note that
and the whole controller description , , 
CLOSED-LOOP CONTROL PROPERTIES
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The derivative of V along the trajectories of the closed-loop system is given by 
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From Lemma 4, it follows that for any given positive constant φ ε , if Assumption C is satisfied, one has 
NUMERICAL EXAMPLE
Consider the following plant as a numerical example (Jiang and Hill, 1999 For strict-feedback systems with time-varying nonlinear uncertainties and unmodeled dynamics, a new method is proposed of designing robust controller. A nominal controller is designed to get exact output tracking for the nominal plant; a robust compensator is added to achieve robust properties. Under Assumptions A, B and C, robust tracking property and robust tracking transient performance are achieved. The robust controller is a linear and timeinvariant one, so it can be realized easily.
